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Abstract
Background: This study was carried out to determine if an association exists between the shape of the lactation
curve before it is influenced by the event of conception and the time from calving to conception in Norwegian
dairy cattle. Lactation curves of Norwegian Red cows during 5 to 42 days in milk (DIM) were compared between
cows conceiving between 43 and 93 DIM and cows conceiving after 93 DIM.
Methods: Data from 23,049 cows, represented by one lactation each, with 219,538 monthly test days were
extracted from the Norwegian Dairy Herd Recording System, which represents 97% of all Norwegian dairy cows.
Besides veterinary treatments, these records also included information on daily milk yield at monthly test days. The
data were stratified by parity groups (1, 2, and 3 and higher) and time to conception periods (43-93 DIM and
>93 DIM). The sample was selected using the following selection criteria: conception later than 42 DIM, calving
season July to September, no records of veterinary treatment and the level of energy fed as concentrates between
8.69 and 12.83 MJ. The shape of the lactation curves were parameterized using a modified Wilmink-model in a
mixed model analysis. Differences in the parameters of the lactation curves with different conception times were
evaluated using confidence intervals.
Results: Lactation curves characterized by a low intercept and a steep ascending slope and a steep descending
slope were associated with early conception across all parities. The peak milk yield was not associated with time of
conception.
Conclusions: A practical application of the study results is the use of the shape of the lactation curve in future
herd management. Groups of cows with impaired reproductive performance may be identified due to an
unfavorable shape of the lactation curve. Monitoring lactation curves and adjusting the feeding strategy to adjust
yield therefore may be useful for the improvement of reproductive performance at herd level.
Background
Good reproductive performance is a key element in the
modern dairy industry. Norwegian Red is the most com-
mon dairy breed in Norway, constituting 94% of the
Norwegian dairy cow population and is kept for both milk
and beef production [1]. A recent study using 829 animals
to investigate the reproductive performance of this breed,
reported the following fertility measures after the first arti-
ficial insemination. An overall 60-d nonreturn rate of
72.5%, an overall pregnancy incidence of 63.8% and an
overall calving rate of 57.2%. Even if these numbers indi-
cate good reproductive performance of the breed, there is
some variation in calving to first insemination, 85.3 days
(SD ± 41.9) [2]. Management, such as estrus detection and
feeding strategy, is of major importance for the reproduc-
tive performance in a dairy herd [3,4]. Management strate-
gies can be difficult to measure and compare in a large
scale epidemiological study. The shape of the lactation
curve, however, may reflect the feeding strategy in an
objective manner [5]. Feeding during the transition period
and the upscaling of concentrates fed after calving has
been shown to be of importance to the energy balance
[3,5,6]. Because cows do not conceive as long as their
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energy balance and the shape of the lactation curve is also
expected to be associated with the time from calving to
conception [8].
The calving to conception period is commonly used as
a measure of reproductive performance. It consists of the
period from calving to first s e r v i c ea n dt h ep e r i o df r o m
first service to conception in cows not conceiving at first
service. A prolonged calving to conception period results
in an extended lactation period which has been shown to
give a higher total milk yield in the current lactation
[9,10]. Even if a long calving to conception period is ben-
eficial in terms of the magnitude of the milk yield in the
current lactation, it is still regarded to be a measure of
impaired reproductive performance. In terms of milk
production, lifetime production is more important than
production in individual lactations [11].
The Norwegian cattle breeding organization, Geno,
recommends not to start breeding before six weeks after
calving. Further, the annual statistics from the Norwe-
gian Dairy Herd Recording System (NDHRS) gives a
mean calving to first artificial insemination (AI) time of
86.9 days. This database includes 97% of all Norwegian
dairy cows [1].
The lactation curve in dairy cattle describes the pat-
tern of milk yield throughout the lactation period. The
shape of this curve and the factors influencing it have
been investigated in several studies [12,13]. To find the
association between a reproductive trait and the shape
of the lactation curve, the latter needs to be parameter-
ized. Earlier studies have shown that there are several
methods available to obtain an estimated lactation curve
with good fit to observed data using monthly milk yield
records [14-17].
Observing the shape of the lactation curve may be
helpful in differentiating factors related to feeding or
estrus detection, such as shifting the focus of manage-
ment interventions to estrus detection if the shape of
the lactation curve is considered optimal or vice versa.
The aim of this study was to determine whether an
association exists between the shape of the lactation
curve before it is influenced by the event of conception
and the time from calving to conception in Norwegian
dairy cattle. The rationale is that there is a relationship
between feeding and the shape of the lactation curve.
Adjusting the feeding strategy in the first part of lacta-
tion may thus optimize the shape of the lactation curve
and thereby shorten the time to conception.
Methods
Material
Data used in this study were extracted from the
NDHRS, which is a single database containing produc-
tion data, veterinary diagnoses, information on AI and
treatments [1]. Daily milk yield and daily amount of
concentrates fed are recorded on monthly test days and
the test day record also states if the cow was diseased
when daily milk yield was measured. The database pro-
vides yearly statistics of disease incidences, feeding and
production at herd level. The validity of this database is
considered high because Norwegian legislation prohibits
farmers from using veterinary drugs and requires veteri-
narians to register all diagnoses and treatments [18].
Sampling from the database was conducted to extract
data on dairy cows starting their lactation on or after Jan-
uary 1
st, 2005 and ending their lactation no later than
February 19
th, 2007. Only the first complete lactation
from each cow in the period was used and all breeds
other than Norwegian Red were excluded. All lactations
started and ended with a successful calving and the date
of the last AI was used to determine the day of concep-
tion. Lactations with a gestation length of less than
269 days or more than 289 days were considered false
recordings and deleted (5.0%). Lactations with fewer than
4 monthly milk yield records were deleted (4.1%). If the
cow was reported as diseased on test day, if the test day
occurred before 5 DIM or if 0 kg milk was recorded on
test day, the daily milk yield record was deleted (4.7%).
A study population was selected from the extracted data,
including only lactations without records of veterinary
treatments (68.31%). From this study population a study
sample was selected using the following criteria. Lactations
where the first date of AI occurred before the recom-
mended 42 DIM were deleted (4.28%). Lactations with cal-
ving recorded from July to September (35.78%), and a
mean level of daily energy fed as concentrates between
8.69-12.83 MJ, calculated from amount of concentrates
given at each test day (63.39%), were selected for the study.
The data were stratified into parity groups: 1 = first
parity, 2 = second parity and 3 = third or later parities,
and early conceivers, TIME_CC = 1 (43-93 DIM) and
late conceivers, TIME_CC = 2 (> 93 DIM). The final
study sample used for the statistical analysis consisted of
219,538 test days in 23,049 lactations (Table 1).
Study Design and Method
The study was performed as a retrospective cohort study
with a closed population at lactation level. To minimize
the effect of year, calving season and breed differences
the described selection criteria were used to generate
the study sample. A modified Wilmink model [16] was
used to estimate the shape of the lactation curve
adjusted for the effects of time to conception and parity.
A mixed model was run using PROC MIXED (SAS
Institute Inc., 2003) with repeated measurements of test
day milk yields within lactation nested within herd to
account for the cluster effect. A spatial power correla-
tion matrix, SP(POW), with month as time scale was
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lation matrix allowed for non-equidistant timepoints
and was chosen after evaluating different relevant
matrices using the Akaike Information Criterion.
Further, the model was run with random regression of
the variable describing the natural logarithm of DIM
(lnDIM) at herd level to account for herd level variation.
A backward selection process with inclusion criteria of P
< 0.05 based on the F-test was used to build the final
model. Significant two-way interaction terms were
included in the final model.
Equation I:
Y DIM DIM TIME_CC PAR DIM ijk ijk ijk jk jk ijk           01 2 3 4 5 ln ln T TIME_CC
DIM PAR DIM TIME_CC DIM PAR
jk
ijk jk ijk jk ijk jk

   67 8 ln   ijk
where subscript ijk identifies the i-th test day in the j-th
lactation in the k-th herd. Y is milk yield (kg), DIM is the
number of days from calving to the test-day, lnDIM is
the natural logarithm of DIM, TIME_CC is the concep-
tion day group, PAR is the parity group and ε is the error
term. The b-values are associated with the starting level
of milk production (kg) (b0), the ascending slope of the
lactation curve (N(b1,s
2
b1) i.e. modeled as a random
slope), the descending slope of the lactation curve (b2),
the interaction effect of TIME_CC with the starting level
of milk production (b3), the interaction effect of PAR
with the starting level of milk production (b4), the inter-
action effect of TIME_CC with the ascending slope (b5),
the interaction effect of PAR with the ascending slope
(b6), the interaction effect of TIME_CC with the des-
cending slope (b7) and the interaction effect of PAR with
the descending slope (b8). Residuals (εijk ) were modeled
using the SP(POW) structure as previously mentioned.
The underlying assumptions of the models were assessed
visually by QQ-plots testing the normality of the
residuals, and predicted values were plotted against resi-
duals to assess the homogeneity of variance of the resi-
d u a l s .T h ef i to ft h ee s t i m a t ed lactation curves were
tested by plotting them against the raw milk records and
their 95% confidence interval (Figure 1).
The estimates from the models were used to generate
different lactation curves of early and late conceivers
(Figure 2). These values and their standard errors were
also used directly as parameters for the milk yield at the
onset of lactation (b0), the ascending slope (b1) and des-
cending slope (b2), which were compared between
TIME_CC classes using confidence intervals (Table 2).
Finally the b-values were used for calculation of peak
milk yield (-b1/b2) and the day of peak milk yield (b0+
(b1×ln(peak milk yield))+ (b2×peak milk yield)).
Results
Descriptive statistics of the study sample, with calving sea-
son July to September and 305-d lactation mean level of
daily energy fed as concentrates between 8.69 MJ and
12.83 MJ, are given in Table 1. The herds in the study
population had an average size of 18.7 cow-years and an
average milk yield per lactation of 6,665 kg milk. Cow-
years were defined as the sum of the number of cows on
each day on a farm divided by 365 days, reflecting the
mean herd size during one year. Component feeding was
commonly used which on average at farm level consisted
of 42.0% concentrates, 41.4% grass silage, 14.2% pasture
and 2.4% other feedstuffs. Differences in age at calving
within each parity were assumed to be influential a priori,
but were found to be non-significant. The lactations with
early conception were inseminated significantly earlier and
significantly fewer times compared to the lactations con-
ceiving late, both in total and within parity groups
(Table 1). The fit of the lactation curve generated from the
Table 1 Descriptive statistics within parity and time to conception of study sample with calving season July to
September, average of 8.69 MJ to 12.83 MJ of daily energy from concentrates and no records of veterinary
treatments throughout lactation, of Norwegian dairy cattle during the period 2005 to 2007
N
lactations
Mean age at
calving in
months (95%CI)
Lactations with early conception (43 to 93
DIM)
Lactations with late conception (after 93 DIM)
N
lactations
Calving to first
insemination in
days (95%CI)
Number of
inseminations
N
lactations
Calving to first
insemination in
days (95%CI)
Number of
inseminations
First parity
lactations
12,758 25.48 (25.42-25.53) 6,883 69.84 (69.51-70.17) 1.27 (1.25-1.28) 5,875 97.21 (96.49-97.92) 2.12 (2.10-2.15)
Second
parity
lactations
5,651 37.63 (37.54-37.73) 3,131 70.23 (69.73-70.72) 1.25 (1.23-1.26) 2,520 98.01 (96.89-99.12) 2.02 (1.98-2.06)
Third or later
parity
lactations
4,640 58.40
1 2,574 70.99 (70.46-71.52) 1.25 (1.23-1.27) 2,066 97.94 (96.69-99.18) 2.00 (1.96-2.05)
All lactations 23,049 35.10
1 12,588 70.17 (69.93-70.42) 1.26 (1.25-1.27) 10,461 97.54 (97.00-98.09) 2.08 (2.05-2.10)
1 95%CI not applicable.
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Figure 2 Lactation curves from 5 to 42 DIM of lactations with calving season July to September, average of 8.69 MJ to 12.53 MJ of
daily energy from concentrates and no records of veterinary treatments throughout lactation, of Norwegian dairy cattle during the
period 2005 to 2007. 6,883 first parity lactations with early conception (43 to 93 DIM) (▬▬), 5,875 first parity lactations with late conception
(after 93 DIM) (▬▬), 3,131 second parity lactations with early conception (43 to 93 DIM) (▬▬ ), 2,520 second parity lactations with late conception
(after 93 DIM) (▬▬ ), 2,574 third or later parity lactations with early conception (43 to 93 DIM) (▪▪▪ ) and 2,006 third or later parity lactations
with late conception (after 93 DIM) (▪▪▪ ).
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Figure 1 Estimated lactation curves from 5 to 42 DIM (▬▬) compared with 95% CI of raw data milk yields of 12,758 first parity
lactations (I) and estimated lactation curves (▬▬) compared with 95%CI of raw data milk yields of 5,651 second parity lactations (I)
with calving season July to September, average of 8.69 MJ to 12.83 MJ of daily energy from concentrates and no records of
veterinary treatments throughout lactation, of Norwegian dairy cattle during the period 2005 to 2007.
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with the 95%CI of raw data test day milk yields (Figure 1).
The parameters describing the lactation curve of early
conceivers (43-93 DIM) were significantly different com-
pared to the parameters describing the lactation curve of
late conceivers (after 93 DIM). Cows conceiving early
had significant lower intercept, steeper ascending slope
and steeper descending slope compared to cows con-
ceiving late, p < 0.001 (Figure 2 and Table 2). These
results were the same across all parity groups. Peak
yield as well as peak day, did not differ significantly with
conception day groups for any parity group, except for
peak day in first parity (Table 2).
The covariance estimates were 0.99 for the correlation
matrix and 0.22 for the random regression of lnDIM,
which gave intraclass correlation coefficients of
0.058 and 0.013 respectively. This means that repeated
measurements and parameter lnDIM contribute 5.8%
and 1.3% respectively, to the between herd variation of
the model parameters.
Discussion
In the current study a lactation curve described by a low
starting milk yield and a steep slope was associated with
early conception across all parities. This concurs with
an earlier investigation which found that high early milk
yield was associated with a longer period of days open
[10]. The present study indicate that this difference is
observable before 15 DIM (Figure 2). A too high starting
milk yield would presumably maintain the NEB and
thereby prolong the time to conception [7]. An
increased number of A.I. per conception indicate
impaired reproduction (Table 1). The material used,
however, could not answer if delayed breeding start is
voluntary or a result of silent heat.
The peak milk yield seemed to have no association
with the time of conception. Higher milk yield has been
associated with longer time to resumption of ovarian
activity in high yielding dairy cows in some reports
[8,19,20]. Other authors have found no [21,22] or
inverse associations between milk yield and recurrence
of ovarian activity [23,24].
In the current study a steep ascending slope early in
lactation is associated with early resumption of breeding
activity. The biological reason for this might be the found
in energy coverage. Earlier studies have found that the
change in body condition score and the magnitude of the
negative energy balance (NEB) in early lactation are cru-
cial to conception [25,26]. A steep ascending slope of the
lactation curve may be indicative of adequate energy
Table 2 Lactation curve parameters of lactations with calving season July to September, average of 8.69 MJ to 12.83
MJ of daily energy from concentrates and no records of veterinary treatments throughout lactation, of Norwegian
dairy cattle during the period 2005 to 2007
Early conception (from 43 to 93 DIM) Late conception (after 93 DIM)
Estimate SE
4 Estimate SE
4
First parity (12,758 lactations and 121,552 test days)
Intercept (kg) 12.83*** 0.11 13.94*** 0.11
Ascending slope (kg/days) 3.42*** 0.03 2.96*** 0.03
Descending slope (kg/days) -0.0643*** 0.0004 -0.0519*** 0.0004
Peak day
1 53.19 (51.57-54.85)
3** 57.13 (55.05-59.27)
3**
Peak yield
2 (kg) 23.01 (22.51-23.51)
3 22.96 (22.43-23.50)
3
Second parity (5,651 lactations and 53,779 test days)
Intercept (kg) 19.13*** 0.14 20.23*** 0.15
Ascending slope (kg/days) 3.17*** 0.04 2.71*** 0.04
Descending slope (kg/days) -0.0814*** 0.0005 -0.0689*** 0.0005
Peak day
1 38.95 (37.45-40.48)
3 39.33 (37.51-41.21)
3
Peak yield
2 (kg) 27.57 (26.95-28.19)
3 27.48 (26.83-28.13)
3
Third or later parity (4,640 lactations and 44,207 test days)
Intercept (kg) 19.81*** 0.15 20.91*** 0.16
Ascending slope (kg/days) 3.89*** 0.05 3.43*** 0.05
Descending slope (kg/days) -0.0984*** 0.0006 -0.0859*** 0.0006
Peak day
1 39.53 (38.18-40.90)
3 39.92 (38.35-41.54)
3
Peak yield
2 (kg) 30.22 (29.55-30.89)
3 30.13 (29.44-30.82)
3
** estimates within same row differ (p < 0.05) *** estimates within same row differ (p < 0.001).
1 - ascending slope/descending slope.
2 starting milk yield + (ascending slope×ln(peak day)) + (descending slope×peak day).
3 interval calculated from 95% lower and upper confidence limits of estimates.
4 Standard Error.
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early resumption of ovarian activity, found in the current
study. An earlier Norwegian study found that cows
experiencing early versus delayed resumption of ovarian
activity have lactation curves with different slopes as
energy balance approaches zero throughout the post par-
tum period [27]. A risk of choosing a feeding strategy
based on a high escalation rate of concentrates to ensure
adequate energy coverage is the increased risk of indiges-
tion because of too sudden changes in the ruminal envir-
onment. Cows of the current study that succeeded in
becoming pregnant appeared to have counteracted this
negative effect of concentrate as indigestion is likely to
lead to lower milk yield and impaired reproduction
[28,29].
A confounding variable not taken into account in the
current study, because of the lack of data, is the volun-
tary waiting period (VWP), which is the time period
decided by the farmer before breeding starts. Although
the average 305 d yield in the current study was less
than 7000 kg, one cannot rule out that a high milk yield
early in lactation, might have lead farmers to prolong the
VWP to avoid the problems related to drying of in some
high yielding cows. On the other hand, a high yielding
cow might be looked upon by the farmer as hard to get
pregnant and therefore started to be bred earlier i.e. a
shorter VWP, which is supported by a high number of A.
I in late conceiving cows (Table 1). In other words, man-
agement decisions based on high yield early in lactation,
consistent with a steep ascending slope, might influence
the calving to conception time in either way. However,
the principal aim of this study was to investigate whether
there is an association between the lactation curve and
time to conception in Norwegian dairy cows. The reason
for delayed conception may be biological, or managerial,
or as is more often the case, a combination of both.
Nevertheless, the alteration in the profile of the lactation
curve may pose an opportunity of early identification of a
herd reproductive problem that reaches beyond estrus
detection and A.I. management. When the problems are
to be ruled out at the herd level by trained personnel,
additional information on voluntary wait, culling policy
and feeding management will probably be readily obtain-
able from the herdsmen.
The current study identified an association between a
steep descending slope of the lactation curve and early
conception. The reason behind this association might be
the negative effect pregnancy has on milk yield [30,31].
This effect and its magnitude on milk yield is beyond
the scope of this paper and we hope to be able to pur-
sue this question in future research programs.
I nt h ec u r r e n ts t u d yt h el a c t a t i o nc u r v e sw e r ee s t i -
mated by using a modified Wilmink model and the sta-
tistical setup of a mixed model using monthly test day
records of daily milk yield. A concern with the current
method may be that milk records obtained after concep-
tion might influence the estimated shape of the curve
before conception. The fit of the curves generated from
using all milk records to raw data proved to be satisfy-
ing (Figure 1). Potential confounding of correlation
between test-day milk yields and clustering within lacta-
tion was taken care of by running the model with
repeated measurements of test day milk yield within lac-
tation nested within herd.
Another concern related to the association between con-
ception time and the shape of the lactation curve is culling
of animals because of reproductive failure. The farmer’s
decision whether to give up on getting a cow pregnant
may be influenced by the course of the lactation curve.
Cows with a less persistent lactation curve, i.e. a steep des-
cending slope of the lactation curve, may be given up ear-
lier than other cows. This would cause a problem if the
primary aim of the study was to assess reproductive per-
formance at herd level. The following reasoning applies to
the selection criteria used in the current study where non-
pregnant cows and culled cows, 30.2% of the observations,
were excluded. The most prevalent reasons for culling are
low milk yield, reproductive failure, disease and age [29].
Cows omitted from the study for non-pregnancy are likely
to have followed the lactation curve pattern of late concei-
vers with a high persistency of the lactation curve [30,31].
Including these cows would probably have emphasized the
difference in lactation curve traits between late and early
conceiving cows. There might be a risk however, that the
late conceivers are overrepresented among high perform-
ing cows. The reason for this being the increased likeli-
hood of culling a low performing cow compared to a high
performing cow. In the material used in the current study,
peak milk yield was virtually equal across calving to con-
ception intervals within each parity category (Table 2),
and therefore this bias of performance is believed to be
minimal.
Disease is known to have an effect on both milk pro-
duction [28] and reproductive performance [29]. To
avoid the influence of disease on the association, only
data from lactations with no records of veterinary treat-
ments (68.3%) were used in the current study. The data
used in the current study were obtained from the
NDHRS database, which has not been validated yet.
A major and currently ongoing Nordic research project
will validate all the Nordic dairy health recording sys-
tems. There might be problems with non-directional
misclassification and measurement errors which weaken
the statistical power of the result using non-validated
sources. Research has shown, however, that adjusting
the sample size can account for this potential loss of
power [32] and this is well taken care of by the large
sample size used in the current study.
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representative database and a large sample size, is that
the results can be implemented on the study popula-
tion of Norwegian dairy cattle. One must consider,
however, that we have restricted our analysis to certain
calving season July to September. The reason for this
approach is that internal validity is more important
than external validity. We also, however, tested this for
different calving seasons and found the same associa-
tion. Therefore we are confident that an association
between the time of conception and the shape of the
lactation curve does indeed exist. Plotting daily milk
records obtained from the automatic milking system,
the shape of the lactation curve might be monitored,
adjusted by feeding and optimized for conception.
Together with heat detection and insemination techni-
que this is yet another tool to manage the reproductive
performance in the dairy herd.
Conclusions
An earlier Norwegian study indicates that there is a
dynamic relationship between NEB, milk yield and repro-
ductive performance in dairy cows [27]. The current
study results point to the same hypothesis. Starting the
lactation with high yield and slightly flatter slope is asso-
ciated with later conception, despite having the same
peak milk yield. A smaller scale controlled clinical trial is
required to evaluate possible causation of this association.
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